We describe a technique whereby intracellular urease activity can be localized by transmission electron microscopy. The ammonia produced from the enzymatic hydrolysis of urea is first precipitated with sodium tetraphenylboron and then replaced with silver to produce electron-dense silver tetraphenylboron. This direct reaction product deposition procedure was used to demonstrate the presence of membrane-bound urease of Staphylococcus sp. H3-22, a gram-positive ruminal bacterium.
Urease (EC 3.5.1.5) which catalyzes the hydrolysis of urea to ammonia and carbon dioxide was first isolated by Sumner (15) from jack beans, Canavalia ensiformis. This ubiquitous enzyme has also been demonstrated in gastrointestinal tracts (3, 4, 9, 16, 19) , where it is produced by the microbial population (5) . Urease production has been an important taxonomic tool used in the biochemical identification of many bacteria (2) .
The localization of urease has been accomplished at the light microscope level by reaction product deposition (6) and by immunofluorescent techniques (11) . Vinther (17) localized urease by reaction product deposition in Ureaplasma urealyticum, but to date, urease has not been localized in other procaryotes. In view of the relative importance of urease activity in the nitrogen metabolism of the rumen, it was decided to ascertain the location of ureolytic activity in the cells of a ruminal bacterium.
Preliminary experiments were carried out by the technique of Vinther (17) The buffer used during localization and processing for transmission electron microscopy (TEM) was 0.85% (wt/ vol) N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid (HEPES). pH adjustments were made with 1.0 N NaOH or HNO3.
Urease activity in H3-22 cultures was verified by the assay procedures of Weatherburn (18) and Cook (4). All Staphylococcus sp. H3-22 cultures used were found to possess urease activity.
Reaction product localization. Portions (10 ml) of a 24-h culture of H3-22 cells were harvested by centrifugation at 12,100 x g for 10 min in a Sorvall RC2-B refrigerated centrifuge at 4°C. Upon harvesting, the cells were washed twice in HEPES buffer before being processed as listed in Table 1 . The trapping solution consisted of 1 mM EDTA and 5 mM sodium tetraphenylboron (Fisher Scientific Co.) dissolved in 0.85% HEPES buffer, pH 7.0. The reaction solution was the trapping solution plus 0.1 M urea. The replacement solution consisted of 2% (wt/vol) AgNO3 dissolved in water.
Processing and embedding. Treatments were carried out as described in Table 1 H3-22 cells that were incubated with urea in the presence of sodium tetraphenylboron, with subsequent silver replacement (treatments A, B, and C), exhibited a definite electrondense enzymatic reaction product deposition pattern around the cellular membrane (Fig. 1A) . This deposition pattern was absent in substrate control samples subjected to the same treatment in the absence of urea (treatments D, E, and F) (Fig. 1B) . The silver nitrate replacement step was found to be essential as in its absence the cells were not electron dense (treatments G, H, and L) and hence could not be visualized by TEM. Silver staining control treatments I, J, and K demonstrated little or no electron-dense deposition. The small amount of electron-dense deposition that occurred was located at random points inside or outside the cells. Prefixing and enrobing the cells before AgNO3 replacement appeared to have little effect on enzyme localization or on nonspecific deposition in the corresponding controls. Poststaining thin sections with uranyl acetate and lead citrate or fixation with OS04 (data not shown) was found to be of no value, as this masked the localization patterns present. All cells possessed sufficient contrast from AgNO3 treatment to be visualized by TEM (Fig. 1) .
Earlier work (Cheng and Gould, unpublished data) suggested that urease could only be released from Staphylococ- Examination of a nonureolytic strain of Selenomonas ruminantium HD4 (kindly supplied by M. P. Bryant) by this procedure did not reveal any deposition pattern. Lack of urease activity in strain HD4 was verified by enzymatic assay.
Histochemical examinations of rumen wall-adherent bacteria for urease activity have demonstrated definite electrondense deposition patterns in both gram-positive and gramnegative bacteria and an absence of a pattern in others (10a). We are therefore led to conclude that this reaction product localization technique will demonstrate intracellular ureolytic activity in a broad spectrum of microorganisms.
The choice of buffer is critical in this procedure. The presence of cations other than Na+ or H+ will cause precipitation of sodium tetraphenylboron (10, 12 This technique lends itself nicely to such diverse areas as the study of ammonia generated in the rumen by urease or deaminase and the study of symbiotic nitrogen fixation in legumes. In the medical field, it may prove to be quite useful in illustrating pathogenic and enzymatic mechanisms involved in struvite stone production (7) in kidneys. Work is currently in progress in these areas.
In summary, the most successful procedure (treatment C) consisted of suspending washed H3-22 cells in the reaction solution containing 5 mM sodium tetraphenylboron and 0.1 M urea for 4 h. This was followed by harvesting the cells at 12,100 x g for 10 min, washing them once in HEPES buffer, and then suspending them in the replacement solution for 4 h (2% [wt/vol] AgNO3). After the replacement reaction, cells were prefixed, enrobed, and processed for embedding as described previously. A substrate control (treatment F) involving the same treatment as C except for the omission of urea yielded virtually no nonspecific localization.
